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On Seed Damage in Grain Augers 
F. J. C. RADEMACHER* 
The damage of seeds in grain augers has been divided into shearing and jamming, occurring 
at the inlet and the casing wall, respectively. The shearing was strongly reduced by a displace- 
ment body attached to the screw blade. 
Measures for the reduction of jamming, partly based on a theoretical approximation, have 
been summarized. A number of experiments, performed for verification, agreed with the experi- 
ences of previous investigators. 
1. Introduction 
The grain auger is widely used for the vertical conveyance of granular material. Its low price, 
simple construction, small space requirements, negligible maintenance and long life are attractive 
features. The low energy efficiency is accepted within the normal power range of these con- 
veyors. However the grain auger may cause product degradation by jamming. This paper 
reports work to investigate the extent to which degradation may be reduced by proper design 
and operation of the conveyor. 
1.1. Previous work 
Previous attempts by Bouse, Schoenleber and Porterfield’ to reduce seed damage have been 
focused on alterations of the tube bottom-end by creating various inlet designs. They reported 
that no significant difference in seed damage could be observed among 6 different inlet designs. 
A 127 mm diameter standard auger was used, running in a 133 mm diameter tube of length 
762 mm. They used castor seed as the conveyed material. 
1.2. Scope of this work 
In this work the possible sources of seed degradation are discussed and to some extent elimin- 
ated by appropriate measures. The investigation is limited to the transport section of the simple 
vertical grain auger with a submerged inlet for the unloading of bulk carriers. Two causes for 
the possible degradation are proposed. There may be degradation by mechanical forces such 
as shearing of seed at the plane where the screw flight enters the housing, and jamming in the 
clearance between screw and tube. Degradation may also be caused by the rolling and tumbling 
motion of some of the granules flowing back relative to the majority of grains that are being 
conveyed. In previous investigations, however, it has been shown that back flow does not occur 
when granular seeds are conveyed vertically by a properly operated screw conveyor.* Attention 
is therefore paid to the first of the causes only. Evidently the amount of sheared seeds at the 
tube entrance will be independent of the length of the conveyor whereas the jamming at the tube 
wall will increase with the conveying height. 
In this work the main causes of seed damage are considered; improvement(s) are proposed 
and experimental verification is performed using the 2 vertical screw conveyors of different 
size, described previously,* the diameter and length of which are 50.8 and 448 mm and 162 
and 1920 mm, respectively. They are called the “small” and the “large” model. 
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NOTATION 
half long axis of ellipsoid 
half short axis of ellipsoid 
correction factor concerning the shape of the ellipsoids 
Correction factor concerning the rounding or the rim of the screw 
blade 
clearance between tube and sharp-edged flightening 
clearance between tube and rounded-edged flight 
size or diameter of a spherical seed 
size of an ellipsoidal seed, i.e. the diameter of the largest sphere 
inside 
force exerted by tube wall or screw on a seed tending to get pinched 
half d, 
angle of the helix at the tube wall 
angles enclosed between displacement body and tube-bottom and 
flight, respectively 
fraction of de being p/d, 
shape-factor (E = a/b) 
uncorrected dimensionless clearance 
corrected dimensionless clearance 
coefficient of kinetic friction 
radius of roundness of screw blade rim 
angle of kinetic friction 
m 
m 
m 
m 
m 
m 
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HOUSING NO. I 
HOUSING NO. 4 
HOUSING NO. 2 HOUSING NO. 3 
EpJ-j 
Auger pitch an;le 
HOUSING NO. 5 HOUSING NO. 6 
Fig. 1. Development diagrams of angular shear-plane housing by Bouse et al.’ 
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2. Considerations regarding seed damage 
Two measures can be proposed for the reduction of the shearing action at the inlet, one affecting 
the tube and the other the screw. It is however easier to modify the static tube bottom than 
the rotating screw. A large number of inlet configurations have been explored by Bouse et al.’ 
Although at least 6 different designs were tried, shown in Fig. 1, the amount of decorticated 
seed was not reduced. Because of the rather disappointing results obtained by alterations of 
the tube, a simple alternative solution to diminish the shearing action in the horizontal plane 
through the tube bottom has been tried. 
2.1. Shearing at the inlet 
It is postulated that the shearing of the seeds is caused by a combination of both propelling- 
forces and the sharp angle (a) enclosed between the outer rim of the flight and the tube bottom 
end. As the propelling forces contribute to the proper operation of the conveyor, the solution 
may lie in avoiding the sharp angle. This can be realized by a displacement body in the form 
of a wedge-shaped ridge attached to the flight as illustrated in Fig. 2. The sharp angle (a), Fig. 3, 
has been replaced by the 2 angles b, and pZ where /31=/?2=(~ +LY)/~. The displacement body 
projects beyond the bottom of the tube a distance approximately 3 times the average grain size 
as shown. For the purpose of this investigation the grain size is defined as the diameter of the 
largest sphere that can be inscribed inside a grain. The clearance of this displacement body from 
the tube wall should not exceed approximately one-third of the average grain size, otherwise 
local jamming may occur. For practical reasons the displacement body had an enlarged base 
as indicated in order to facilitate the attachment to the screw blade by gluing. To minimize 
any interference of the base with the grain movement, the base was ground down as far as possible 
and polished. 
2.2. Jamming at the tube wall 
The occurrence of jamming at the tube wall will greatly depend on the clearance between the 
screw and tube relative to the size of the seeds to be conveyed. Damage will certainly be reduced 
Fig. 2. The displacement body attached to the flight of the small conveyor model 
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/----$cJ 1 Dimensions in mm 
Section A-B 
Displacement body 
soldered io the screw 
Fig. 3. The displacement body changes the unfavourable sharp angle (a) into 2 obtuse angles & and /32 
by either a relatively large clearance on the one hand or a small clearance on the other. A 
large clearance, however, may lead to a dramatic reduction in capacity and turbulence in the 
outer region of the grain mass whereas a small clearance, which is desirable, will invariably 
increase the cost of the conveyor. 
2.2.1. Clearance relative to grain size 
Some grains such as rape seed or peas are well-rounded whereas other grains such as wheat 
are elongated. In the case of wheat, for instance, the largest dimension can easily be 4 times the 
smallest. The conditions under which pinching of spherical seeds tends to occur will be esti- 
mated with an extension to the case of ellipsoids, as well as the effect of the slightly rounded outer 
rim of the flight, caused by wear. In doing so a simplified model of the jamming phenomena is 
introduced based upon the following assumptions: 
1. 
2. 
3. 
4. 
The tube, screw flight and seeds do not deform before jamming takes place. 
The kinetic friction coefficient of the seed relative to both screw blade and tube wall is 
equal and constant. 
The cross sectional profile of the edge of the flight can be represented by a quarter circle. 
The jamming forces will exceed the other forces to an extent that these can be neglected 
for the case of equilibrium, inclusive of body- and inertia-forces. Furthermore it is assumed 
that these force-vectors will lie in the local plane perpendicular to the outer helix. 
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5. From all the possible positions that an ellipsoidal seed touching both the flight edge and 
tube may have, the one at which pinching is most likely to occur is when the long axis of 
the ellipsoid coincides with the local plane perpendicular to the outer helix. 
6. The tube wall is supposed to be flat at the considered location. 
In Fig. 4 a sphere with radius r, is tending to become pinched. The balancing forces (R) 
exerted on the sphere by the sharp-edged helix and tube wall will enclose the angle of friction (v) 
with the local normals of the sphere-surface as indicated. 
Fig. 4. Geometry representing pinching of a seed between the screw blade and tube wall 
Expressing the clearance (c) as a fraction (A) of the sphere-diameter (C-Z,): 
A = c/C& = co? q = l/(1+/?). . ..(l) 
Nothing will change, essentially, if the sphere is replaced by an ellipsoid such that the contacts 
with the screw and tube will stay at the same 2 points. The same holds if the sharp edged flight- 
rim is replaced by a rounded one, on the condition that its point of contact with the seed will 
not change, as illustrated by the interrupted curve. This condition implies that its centre of 
curvature must be positioned on a line that encloses the friction angle (q) with the local normal 
on the surface of the seed. 
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These geometric properties can be included in a corrected clearance-fraction (A,) being c,/d,. 
This quantity however can be expressed in the original clearance factor A, by making use of 2 
geometrical quantities, one accounting for the deviation of the seeds from a pure sphere and 
the other regarding the rounding of the screw blade-edge. Therefore the corrected fraction A, 
will be split up as follows: 
A, = ; = @j.($).($j, 
with% = C,, 2 = 
e c 
This can be replaced by 
A, = c, . Cd . A. 
The magnitudes of C, and C6 follow simply from the geometry 
. ..(2) 
. ..(3) 
where E( = a/b) is the axis ratio of the ellipsoid ; E 2 1: 
c 
6 
= C-Al --OS 2P) 
c 
or with 
p = 6.d,, 
cs = 1-6(1-cos2P)( 2 j.(-g = l-6(1-cos2$0) & . 
With Eqns (1) and (3) and 1 -cos 2~=2,~~/(1 +,D~), this transforms into 
. ..(4) 
Cb = l-2&2 
J 
1+ &2$lL2 
l+y2 .’ 
. . .(5) 
which means that Cd also depends on the shape (E) of the ellipsoid except, of course, when 6=0. 
For computational purposes Eqn (2) can be written in terms of Eqns (l), (3) and (5): 
or 
n 
E 
= 5 = d1+,u2-2&P~1+~2P2~ 
4 (1 +P2w1 +&2/P 
. ..(6) 
In Fig. 5 this relation has been graphically displayed for 3 different values of ,D, namely 0.2; 
0.3 and 0.4, for the sharp edge (6 = 0) and for a rounded flight edge equal to one-half the smallest 
diameter of the seeds (6=0.5). 
From the figure it follows that the relative clearance is strongly influenced by the shape factor 
(E) of the seeds and the friction coefficient (I(), but less so by the relative roundness of the edge 
of the screw blade (6) within its common practical limits of, say, 6 < 0.4. 
F. J. C. RADEMACHER 93 
2.2.2. Operational causes of damage 
The considerations of the preceding section were based on the assumption that the clearance 
would be the same all over the conveyor. However, if an arbitrary point of the screw centreline 
does not lie on the centreline of the tube, the clearance will change along the circumference. 
Obviously the widest gap between screw blade rim and tube has to be substituted in the preceding 
formulae for judging whether jamming will occur. 
3. Experiments 
The phenomenon of seed damage has been partly verified in using a small, and a large model 
screw conveyor, the specifications of which are reported in another paper.2 The tubes of those 
conveyors of 50.8 and 162.0 mm diameter were smoothly machined inside. The screw of the 
smaller device with an outer diameter of 50.0 mm was machined out of solid steel, whereas the 
large screw of 160.0 mm outside diameter was composed of a hollow shaft and a flight, spot- 
welded to it, the screw being machined outside and polished afterwards. Both screws were sus- 
pended in 2 bearings, one at the top and one at the bottom outside the casing. The conveyors 
used in this study were originally built for the experimental determination of their transport 
and power characteristics.3 Despite the careful precautions taken,’ trouble was experienced 
with the test conveyors, the major problem being damage of the seeds. 
3.1. Shearing at the inlet 
3.1.1. The small model conveyor 
During experimental determination of the screw characteristics, the granular material was to 
be recycled many times and therefore the average grain size needed to be large enough to prevent 
jamming. Furthermore, the shape, hardness, degree of degradation, resistance to wear, constancy 
of both internal friction and kinetic fric:ion coefficient at screw and tube wall had also to be 
considered. On this basis, p.v.c.-grains, radish seed, millet, spinach, rapeseed and glass spheres 
were tested in a separate device described previously. 4 Glass spheres were rejected because of 
the very irregular screw moment they caused. Also the screw ceased to rotate when either 
whole or broken glass particles became wedged in the clearance, causing damage to both screw 
flight rims and tube. P.v.c.-grains ran smoothly but from tests conducted on the disc machine 
described earlier” a temperature rise of about 15°C was found to occur and there was a consider- 
able change in external friction coefficient. A number of natural seeds known for their wear 
resistance and hardness were selected finally and the average dimensions of these are given in 
Table I. 
TABLE I 
Geometric speciiication of the materials used in the experiments 
with the small conveyor model 
Spinach pyramidal 3.25 267 2.08 
Rapeseed spherical 1.80 1.64 1.48 
Millet ellipsoidal 1.84 1.84 1.42 
When used in the conveyor, however, it soon appeared that the millet and rapeseed became 
heavily damaged. For instance, running at full capacity, about 500 cm3/s at 1400 rev/min, 
resulted in broken seeds and empty shells, corresponding, approximately to 2 % by weight within 
15-20 min of operation. This was determined by sieving. Other phenomena were pronounced 
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grinding noise and an increase in the torque reaction or moment of the tube, measurement of 
the latter being possible since the tube was suspended in air bearings. In the case of spinach 
seed the damage was considerably less, but the noise remained while the changes of the tube 
moment were even larger. 
Because of dead corners in the lower outer part of the bin, not all of its content could be circu- 
lated. The actual recirculating volume of grain was estimated to be 7000 cm3 which means that 
the damage occurred within only 85 passes. From observations and films taken via 2 flush- 
mounted glass windows in the casing it appeared that seeds already crushed passed the clearance 
between flight and wall. It was therefore most likely that some of the grains were destroyed at 
the commencement of conveying when passing the tube entrance as discussed in section 2.1. 
After attaching the displacement body, Fig. 2, damage of the seeds became too small to notice 
and was not measured. From then on, the contents of the bin were changed only monthly in 
spite of running the conveyor for about 25 h daily. Photographs taken through the glass win- 
dows in the casing confirmed that no further jamming or slipping of seeds into the clearance 
took place. These observations are predicted by the theoretical analysis since the actual geometry 
in this case is such that the seeds, once they pass the tube entrance undamaged, would not be 
expected to become damaged inside the conveyor. Theoretical confirmation is readily obtained 
when an extreme geometrical condition is considered such as when the smallest occurring grain 
size, combined with the largest shape factor, together with a relatively large roundness of the 
rim of the screw blade and a common friction coefficient are all taken into account. For instance 
in the case of millet, demin= 1.30 mm; a,,,,,= 1.9; 6~0.5 and p -0.3, the dimensionless critical 
clearance ;1, N 0.74, which corresponds to a critical clearance of approximately 0.74 x 1.3 mm 2: 
0.96 mm. However, the actual geometry of shaft and tube, when checked, showed an eccentricity 
of 0.2 mm at the centre region of the shaft and also that the casing was “bent” over ~0.08 mm 
resulting in a local possible clearance of 0*40+0*20+0.08 210.68 mm, the influence of lateral 
shaft loads being excluded. Therefore the actual clearance of 0.68 mm is less than the critical 
value of approximately 0.96 mm and is expected to remain so during operation indicating 
minimum damage. 
3.1.2. The large model conveyor 
By an analogous procedure blue peas and wheat were selected from vetches, blue peas, lupin, 
wheat and glass spheres. Running at about 3110 cm3/s and 560 rev/min, seed damage developed 
at a rate that required frequent changes of the contents of the bin in which the conveyor inlet 
was submerged. By photographing the granular mass passing 2 flush mounted glass windows in 
the casing, the number of broken seeds could be estimated. For the peas and wheat this amounted 
to approximately 0.8 and 1*1x, respectively but did not account for possible differences in the 
concentration of damaged seeds throughout the conveyed mass. The recirculating volume from 
the supply bin amounted roughly to 2 x lo” cm3 corresponding to approximately 220 passes 
after 4 h of operation at full capacity. 
After attachment of a properly enlarged body, as shown in Fig. 2, 2 tests were performed at 
TABLE II 
Geometric specification of the materials used in the experiments 
with the large conveyor model 
“Shape” Largest 
Mean Smallest 
size (mm) size (mm) size (mm) 
Blue peas spherical 6.76 6.20 5.64 
Wheat ellipsoidal 3.50 3.10 2.70 
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the same point of operation being 3110 cm3/s and 560 rev/min, one with a fresh charge of peas 
and the other with a fresh charge of wheat. Even after 4 h of operation, few broken seeds were 
observed on the photographs. The pea and wheat seeds were sieved and this resulted in 260 cm3 
and 200 cm3, respectively, of broken and crushed seeds, corresponding to 0.13 and 0.1x, res- 
pectively. Compared to the former percentages of 0.8 and 1.1, this indicated a reduction in 
damage of 84 % for peas and 91% for wheat. 
The average dimensions of the materials used were as shown in Table II. 
From geometrical considerations, the granules really had little chance of becoming jammed in 
the nominal clearance of 1 mm. Even if the screw were to touch the casing incidentally, which 
in fact did not happen during the test runs, a clearance of 2 mm would have arisen locally. 
According to Fig. 5, however, the critical clearance for even the smallest grains used equals 
approximately 0.8 x 2.5 ~2.0 mm, which certainly confirms the practical results. 
3.2. Jamming at the tube wall 
Although the displacement bodies gave encouraging results, it was decided to look for seeds 
that would most likely jam sooner in the models than the ones already tested. For both models, 
seeds with an unfavourable geometry were selected, based on Fig. 5. 
I 2 3 4 5 6 7 
c 
Fig. 5. The corrected relative clearance (A,) that should not be exceeded in order to prevent the seeds from jamming. 
This clearance is shown in relation to the shape factor (e) of the seeds; p and 6 being parameters 
3.2.1. The small conveyor model 
A small kind of turnip seed was selected for which d,=O.9 + 0.06 mm and E= 1.15 i 0.2. 
The most unfavourable combination of the tolerances leads to d,=O*84 and E= 1.35. If 6= 0.5 
and p =0.333 then 1, = O-76. This corresponds to a critical clearance of 0.76 x 0.84~ 0.64 mm. 
According to section 3.1 the possible local clearance amounts to approximately 0.68 mm. Appar- 
ently the real clearance approaches the critical clearance very closely. Sieving after 15 min 
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of operation at 1400 rev/min resulted in approximately 6 % broken seeds by weight. Compared 
with the case of millet as described under section 3.1 this is 3 times as much damage, and indi- 
cates clearly that the critical clearance, as represented by Fig. 5, must indeed be avoided. 
3.2.2. The large model conveyor 
To promote jamming for verification purposes wedge-shaped oats were selected in this case. 
Fig. 5 does not apply as these seeds deviate too much from an ellipsoid. Drastic crushing occurred 
and this resulted in about the same picture after only 15 min of operation at full capacity, as in 
the case of wheat after 4 h (section 3.1). From then onwards, the damage increased rapidly as 
did the required shaft-moment. 
4. Conclusions 
It has been shown that shearing and jamming damage can be reduced or even prevented by 
utilizing correct geometry and design. It is questionable, however, whether a degree of damage 
according to even the, worst case described here would be noticed in practical applications. 
The following conclusions can be drawn regarding the conveying of mono-size grains. 
1. Shearing at the inlet can be avoided almost completely by the provision of a displacement 
body attached to the flight, as shown in Fig. 2. 
2. Jamming is not likely to occur when the clearance is smaller than a critical value governed 
by the smallest size of the grains and their form. 
3. A theoretical approximation has been derived for the critical clearance, in the case of 
ellipsoidal grains, and some experimental evidence has been obtained to support its validity. 
4. Long seeds will become jammed sooner than spherical ones when the smallest size and 
the kinetic friction coefficients of both are equal. 
5. It has been proved theoretically that jamming is promoted by higher coefficients of kinetic 
friction. 
6. The theoretical analysis suggests that a worn flight, where the upper spherical rim becomes 
rounded, promotes jamming. 
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